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Abstract

The ankle joint is important in human
balance and gait, being responsible for trans-
ferring the body weight to the foot and
performing motions which are essential to
gait. Owing to its rigidity, it maintains body
balance, and owing to its flexibility, it pro-
vides a comfortable, smooth, and nearly
effortless human gait. The ankle joint is a
synovial hinge joint that is made up of the
articulation of three bones, comprising three
articulations: the talocrural joint, the subtalar
joint, and the distal tibiofibular syndesmosis.
Therefore, it is much more than a simple
hinge joint because of its unique design. In
this chapter the functional and anatomical
characteristics of the ankle joint will be
discussed.

General Characteristics

Understanding the functional anatomy of the
ankle joint is very important since conditions
that disturb the normal anatomy can make walk-
ing difficult without pain or problems. In addition
to this, ankle injuries are among the most common
injuries of all musculoskeletal conditions suffered
by participants during a variety of physical
activities (Fong et al. 2007) and are the most
common of all injuries in many sports (Hootman
et al. 2007).

The important structures of the ankle joint
include:

* Bones and joints

+ Ligaments and tendons
* Muscles

* Nerves

* Blood vessels

The ankle, or talocrural joint, is a trochoid
synovial joint. It is formed by the articulation of
the dome of the talus, the medial malleolus, the
tibial plafond, and the lateral malleolus. The lower
end of the tibia and its medial malleolus, together
with the lateral malleolus of the fibula and inferior
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transverse tibiofibular ligament, form a deep
recess, the so-called mortise for the body of the
talus. Thus, some authors call it the “mortise”
joint and thought of it as a hinge or ginglymus
joint that allows the motions of plantar flexion and
dorsiflexion (Floyd and Thompson 2004; Magee
2002). However, several other authors indicate
that its axis is more complicated than a simple
uniaxial hinge (Barnett and Napier 1952; Hicks
1953; Sammarco et al. 1973; Lundberg 1989;
Lundberg et al. 1989a, b). Since the axis of rota-
tion of the talocrural joint passes through the
medial and lateral malleoli, it is slightly anterior
to the frontal plane as it passes through the tibia
but slightly posterior to the frontal plane as it
passes through the fibula. It can be considered
that the isolated movement of the talocrural joint
is primarily in the sagittal plane, although small
amounts of transverse and frontal plane motion
also occur because of this obliquity of rotation
axis (Lundberg et al. 1989a).

The “ankle mortise” is an area rather than a
specific anatomical structure. The three articular
surfaces of the ankle mortise are:

1. Medial: the lateral portion of the medial
malleolus

2. Superior: the tibial plafond

3. Lateral: the medial surface of the Ilateral
malleolus

The mortise contains the superior portion of
the talus. This includes a wedge-shaped articular
surface, which is also called the trochlea, or dome
(Stiehl 1991a; Sarrafian 1993; Cailliet 1997). It is
usually more narrow posteriorly than anteriorly
(Sammarco and Tablante 1998) (Fig. 1).

The ligaments of the talocrural joint are medial
and lateral collateral ligaments. The medial collat-
eral ligament (deltoid ligament) is a strong, trian-
gular band, attached to the apex and the anterior
and posterior borders of the medial malleolus. It
extends horizontally when the ankle is in anatom-
ical position, running from the anterior edge of the
lateral malleolus to the lateral aspect of the neck of
the talus (Makhani 1962; Bonnin 1970). It is com-
posed of superficial and deep fibers. The superficial
fibers are composed of the anterior (tibionavicular)



138 Functional Anatomy of the Ankle

mortise

Fig. 1 The anatomical structures forming the ankle mor-
tise on a 3T MR image of a healthy male subject

Fig. 2 Lateral view of the ankle joint, left foot.
C calcaneus, T talus, LM lateral malleolus, ATFL anterior
talofibular ligament, CFL calcaneofibular ligament

ligament, plantar calcaneonavicular ligament, and
posterior tibiotalar ligament. The deep fibers are
composed of the anterior tibiotalar ligament,
which passes from the tip of the medial malleolus
to the non-articular part of the medial talar surface.
This ligament is crossed by the tendons of the
tibialis posterior and flexor digitorum longus mus-
cles. It is rarely injured alone and, when torn, is
commonly associated with a fracture of the distal
fibula. Chronic instability of this ligament is a
rather rare condition (Standring 2009).
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Fig. 3 Lateral view of the ankle joint, left foot.
C calcaneus, LM lateral malleolus, FB fibularis brevis, FL
fibularis longus, ATFL anterior talofibular ligament, AITF
lig anterior inferior tibiofibular ligament

The lateral collateral ligament has also three
discrete parts. This ligament complex is composed
of the (1) anterior talofibular ligament (ATFL)
which extends anteromedially, (2) the posterior
talofibular ligament (PTFL) which runs almost
horizontally from the lateral malleolus to the pos-
terolateral aspect of the talus having broad inser-
tions onto both the talus and fibula, and (3) the
calcaneofibular ligament (CFL) which attaches
the distal tip of the lateral malleolus and the lateral
tubercle of the calcaneus. The CFL is also crossed
by the tendons of the fibularis longus and brevis
(Stiehl 1991b; Ferran and Maffulli 2006) (Figs. 2
and 3). The ligament support on the lateral side of
the ankle joint is not nearly as strong and is injured
most commonly with inversion sprains, often dur-
ing sports. This is the most commonly injured
ligament around ankle region. In these kinds of
injuries, the posterior talofibular ligament is
almost always spared. Although the resulting
increased laxity is tolerated in most cases, surgical
reconstruction is sometimes necessary (Anderson
and LeCocq 1954; Ferran and Maffulli 2006).

The subtalar joint is a functional unit between
the anterior and posterior articular surfaces of the
calcaneus and talus and consists of an intricate
structure with two separate joint cavities. The
posterior articulation is referred to as the
talocalcaneal joint and the anterior articulation is
regarded as part of the talocalcaneonavicular
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Fig. 4 Tibiofibular a
syndesmosis (a) anterior
view; AITF lig, anterior
inferior tibiofibular
ligament (b) lateral view;
AITF lig, anterior inferior
tibiofibular ligament; PITF
lig posterior inferior
tibiofibular ligament

interosseous|
membrane |

joint. It is a modified multiaxial joint and is
supported and held in place by the posterior
talocalcaneal and interosseous talofibular liga-
ments, respectively. The subtalar joint allows
mainly for inversion and eversion of the foot,
and its permitted movements are considered
together with those other tarsal joints. With these
movements, the subtalar joint allows interaction
between the lower leg (internal and external rota-
tion) and the foot (pronation and supination).
The ligaments of the talocalcaneal joint are the
lateral, medial, and interosseous talocalcaneal lig-
aments and the cervical ligament. The lateral
talocalcaneal ligament is a short flat fasciculus
and is attached anterosuperiorly to the
calcaneofibular ligament. The medial
talocalcaneal ligament connects the medial talar
tubercle to the back of the sustentaculum tali and
adjacent medial surface of the calcaneus. The
interosseous talocalcaneal ligament is a broad,
flat, bilaminar transverse band in the tarsal sinus,
and the cervical ligament is just lateral to the tarsal
sinus and is attached to the superior calcaneal
surface. The ligaments of the talocalcaneo-
navicular joint are the talonavicular and plantar
calcaneonavicular  (spring) ligaments. The
talonavicular ligament connects the dorsal sur-
faces of the neck of the talus and the navicular
and is covered by extensor tendons. The spring
ligament is a broad, thick band connecting the
anterior margin of the sustentaculum tali to the
plantar surface of the navicular. The dorsal surface
of the ligament has a triangular fibrocartilaginous
facet on which part of the talar head rests, and its
plantar surface is supported by the tendons of
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tibialis posterior, flexor hallucis longus, and
digitorum longus muscles. Its medial border is
blended with the anterior superficial fibers of the
medial (deltoid) ligament. The calcaneonavicular
ligament is the medial band of the bifurcate liga-
ment (Standring 2009).

The distal talofibular syndesmosis is the third
joint of the ankle complex between the distal
portions of the tibia and fibula. It is a syndesmosis
that allows limited movement between these two
bones; however, accessory gliding at this joint is
crucial to normal mechanics. The articulating
parts consist of rough, medial convex surfaces
on the distal end of the fibula and the rough
concave surface of the fibular notch of the tibia.
These surfaces are separated distally for approxi-
mately 4 mm by a synovial prolongation from the
ankle joint and may be covered by articular carti-
lage in their lowest parts (Standring 2009). The
tibia and fibula are united through the interosseous
membrane along the length of the bones and
through the anterior interosseous and posterior
tibiofibular ligaments distally. The structural
integrity of the syndesmosis is necessary to form
the stable roof for the mortise of the talocrural
joint.

The ligaments of this syndesmosis in addition
to the interosseous membrane include the anterior
(anteroinferior) tibiofibular (AITF) ligament, pos-
terior (posteroinferior) tibiofibular (PITF) liga-
ment, and interosseous tibiofibular ligament
(Fig. 4a, b). The AITF ligament contributes to
approximately 35 % of ankle stability; the deep
PITF provides 33 %; the interosseous PITF pro-
vides 22 %; and the superficial PITF provides 9 %
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(Ogilvie-Harris et al. 1994). However, some
authors demonstrated that the ligaments of the
syndesmosis play a small role in the stability of
the ankle as long as the other ligamentous struc-
tures are intact (Rasmussen 1985).

The AITF is most commonly injured in con-
junction with eversion injuries, and damage
results in the so-called high ankle sprain rather
than the more common lateral ankle sprain (Miller
etal. 1995). The PITF is stronger than the anterior
and is on the posterior aspect of the syndesmosis.
The ligament projects distal to the bones, in con-
tact with the talus. The interosseous tibiofibular
ligament is a continuation of the interosseous
membrane and contains many short bands
between the rough adjacent tibial and fibular sur-
faces. It may be the strongest bond between the
bones (Standring 2009).

Normal Ligamentous Anatomy
and Mechanics

The three major contributors to passive stability
of the ankle joint are (1) the congruity of the
articular surfaces when the joints are loaded;
(2) the static ligamentous restraints mainly by
the medial and lateral ligament complexes and
the distal tibiofibular ligaments; and (3) the
musculotendinous units crossing the joint, which
also allow for dynamic stabilization of the joints.
The stability increases when leaning forward and
decreases when leaning backward by continuous
action of the soleus muscle assisted by the gas-
trocnemius muscle. If backward sway takes the
projection of the center of gravity posterior to the
transverse axes of the ankle joints, the plantar
flexors relax and the dorsiflexors contract. Failure
of the fibular muscles can lead progressively to
varus instability. However, long-standing failure
of the tendon of tibialis posterior, which is rela-
tively common in the elderly female, can result in
valgus instability of the ankle and, particularly, a
planovalgus foot deformity (Standring 2009).
Around the joint, the fibrous capsule is thin in
front and behind. It is attached proximally to the
borders of the tibial and malleolar articular sur-
faces and distally to the talus near the margins of
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its trochlear surface, except in front where it
reaches the dorsum of the talar neck. The capsule
is strengthened by strong collateral ligaments. Its
posterior part consists mainly of transverse fibers.
It blends with the inferior transverse ligament and
is thickened laterally where it reaches the fibular
malleolar fossa (Standring 2009).

The ankle joint receives its primary support
from an array of ligaments that lie medially, later-
ally, posteriorly, and superiorly to the joint.

Biomechanical Function of Lateral
Ligament Complex

In addition to the general anatomy of the ankle,
the biomechanical function of each component in
stabilizing the joint is worth mentioning. In
dorsiflexion, the ATFL is loose, and the CFL is
taut. This is reversed in plantar flexion, in which
the ATFL is taut, and the CFL is loose. The PTFL
is maximally stressed in dorsiflexion.

The CFL is cordlike and is thicker and stronger
than the ATFL. The CFL prevents adduction and
acts virtually independently in neutral and in
dorsiflexed positions.

The ATFL restricts primarily internal rotation
of'the talus in the mortise; when in plantar flexion,
the ATFL also inhibits adduction. From a biome-
chanical point of view, the ATFL has a lower load
to failure than the CFL. The maximum load to
failure of the CFL is roughly 2-3.5 times greater
than that for the ATFL (Attarian et al. 1985). How-
ever, the ATFL can undergo the greatest amount
of deformation (strain) before failure and allows
for internal rotation of the talus during plantar
flexion, in contrast to the CFL and PTFL. Attarian
et al. evaluated several ankle bone-ligament-bone
in vitro preparations for their capacity to resist
force loading and found that the ATFL is the
weakest of all the ankle ligaments (Attarian
et al. 1985). This suggestion was also corrobo-
rated by other authors (Makhani 1962; Bonnin
1970; Attarian et al. 1985; Siegler et al. 1988).

The PTFL is the strongest of the three portions
of the lateral ankle. This ligament inhibits external
rotation when the ankle is in dorsiflexion. The
medial ligaments are the primary restrictors of
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dorsiflexion, and the PTFL only assists in this
function. The short fibers of the PTFL can also
restrict internal rotation after the ATFL has been
ruptured. If the CFL is disrupted, the PTFL inhibits
adduction when the ankle is in dorsiflexion. It is the
least commonly sprained of the lateral ankle liga-
ments (Renstrom and Konradsen 1997).

Biomechanical Function of Medial
Complex

The medial ligament complex results in substan-
tial expansion of the medial joint capsule (Bonnin
1970). Biomechanically, the deltoid ligament pri-
marily prevents abduction. After division of both
components of the deltoid ligament, anterior
instability of the ankle does not increase. If the
lateral ligaments are cut, the deltoid ligament acts
as a secondary restraint against anterior transla-
tion. The fibular ligament primarily inhibits lateral
translation of the talus. The deep deltoid ligament
provides the greatest restraint against lateral trans-
lation. The superficial and deep parts of the del-
toid ligament must be completely ruptured in
order to tilt the talus in valgus within the mortise.

Siegler et al. and Attarian et al. suggested that
the strongest of the main ligaments of the ankle is
the anterior and posterior talotibial ligament com-
plex (deep portion of the deltoid) (Attarian
et al. 1985; Siegler et al. 1988).

Muscles, Tendons, and Nerves

The muscles acting on the foot may be divided into
extrinsic and intrinsic groups. Their tendons that
cross the ankle allow for the movement of the ankle
and stabilize this joint. Distally, the tendons help to
stabilize the small joints of the foot. The muscles
can be grouped according to their arrangement in
the leg. The extensors (tibialis anterior, extensor
hallucis longus, extensor digitorum longus, and
fibularis tertius) arise in the anterior compartment
of the leg, and their tendons pass anterior to the
ankle, where they are bound down by the extensor
retinacula. The lateral group (fibularis longus and
fibularis brevis) arises in the lateral compartment of

Fig. 5 Medial view of the ankle joint, left foot. AT Achil-
les tendon, FDL tendon of flexor digitorum longus, GSV
great saphenous vein, MM medial malleolus, TN tibial
nerve, TS triceps surae (fused gastrocnemius and soleus
muscles), 7P tendon of tibialis posterior, 7V tibial vessels

the leg and their tendons pass posterior to the
lateral malleolus, bound down by the fibular reti-
nacula. The flexors arise in the posterior compart-
ment of the leg, and their tendons pass posterior to
the ankle, where the tendons of the superficial
group of flexors (gastrocnemius and soleus) are
inserted into the calcaneus and the tendons of the
deep group of flexors (flexor digitorum longus,
flexor hallucis longus, and tibialis posterior) are
bound down by the flexor retinaculum (Standring
2009) (Figs. 5 and 6).

The intrinsic muscles are contained entirely
within the foot and follow the primitive limb pat-
tern of plantar flexors and dorsal extensors. It is
customary to group the muscles in four layers,
because this is the order in which they are encoun-
tered during dissection. However, in clinical prac-
tice and in terms of function, the plantar muscles in
the foot can be divided into medial, lateral, and
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Fig. 6 Lateral view of the ankle joint, left foot. AITF lig
anterior inferior tibiofibular ligament, EDL tendons of
extensor digitorum, ER extensor retinaculum, LM lateral
malleolus, FB fibularis brevis, FL fibularis longus, FT
fibularis tertius, *accessory tendon from fibularis brevis,
SFN superficial fibular nerve

intermediate groups. The medial and lateral groups
consist of the intrinsic muscles of the great and fifth
toes, respectively, and the central or intermediate
group includes the lumbricals, interossei, and short
digital flexors (Standring 2009).

Calcaneal (Achilles) Tendon

The Achilles tendon (AT) is the thickest and stron-
gest tendon in the human body. It is approximately
15 cm long (11-20 cm) and begins near the middle
of the calf fusing with the gastrocnemius muscle
proximally. It is broad, flat shape near its origin
and receives muscle fibers from soleus almost to
its lower end. It gradually becomes more rounded
until approximately 4 cm above the calcaneus,
below this level it expands and becomes attached
to the midpoint of the posterior surface of the calca-
neus. The fibers of the calcaneal tendon are not
aligned strictly vertically and they display a variable
degree of spiraling (Maffulli 1999; Standring 2009).

Vascular Supply

The vascular blood supply of the ankle comes
from tarsal and plantar arteries. Superficially, the
pulsation of the dorsalis pedis artery is palpable

from the midpoint between the malleoli to the
proximal end of the first intermetatarsal space.
The dorsalis pedis artery gives rise to the tarsal,
arcuate, and first dorsal metatarsal arteries. There
are two tarsal arteries, lateral and medial. The
lateral runs laterally under extensor digitorum. It
supplies the extensor digitorum brevis and the
tarsal articulations. It makes anastomosis with the
branches of the arcuate, anterior lateral malleolar
and lateral plantar arteries, and the perforating
branch of the fibular artery. The arcuate artery
arises near the medial cuneiform; passes laterally
over the metatarsal bases, deep to the tendons of the
digital extensors; and anastomoses with the lateral
tarsal and plantar arteries. It gives rise to the second
to fourth dorsal metatarsal arteries. Proximally, in
the interosseous spaces, these branches receive
proximal perforating branches from the plantar
arch. Distally, distal perforating branches from the
plantar metatarsal arteries join them. The plantar
arch is deeply situated and extends from the fifth
metatarsal base to the proximal end of the first
interosseous space. It gives off three perforating
and four plantar metatarsal branches and numerous
branches that supply the skin, fasciae, and muscles
in the sole (Standring 2009) (Fig. 7).

The blood supply to the AT is poor and there is
deterioration in the nutrition of the tendon with
advancing age. The vascular territories of the AT
can also be classified simply in three, with the
midsection supplied by the peroneal artery and the
proximal and distal sections supplied by the poste-
rior tibial artery. Despite the existing discrepancies
in the literature, the area of relative avascularity in
the mid-substance of the tendon is where the major-
ity of problems occur (Hastad et al. 1959; Jorza and
Kannus 1997; Maftulli 1999).

Innervation

The motor and sensory supplies to the ankle com-
plex come from the lumbosacral plexus. The
motor supply of the muscles located in the poste-
rior compartment of the leg comes from the tibial
nerve (Fig. 7). The anterior compartment muscles
are innervated by the deep peroneal nerve, and the
lateral compartment muscles by superficial
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Fig. 7 Neurovascular structures around ankle joint. AT
Achilles tendon, C calcaneus, FDL tendon of flexor
digitorum longus, FHL flexor hallucis longus, MM medial
malleolus, N navicular bone, TP tendon of tibialis poste-
rior, TN tibial nerve (here it divides into lateral and medial
plantar nerves above the level of medial malleolus), 7V
tibial vessels (tibial artery and vein which soon divide into
lateral and medial plantar artery and vein)

peroneal nerve. The sensory supply comes from
the three nerves (tibial, deep peroneal, and super-
ficial) and two purely sensory nerves: the sural
and saphenous nerves. The lateral ligaments and
joint capsule of the talocrural and subtalar joints
have been shown to be extensively innervated by
mechanoreceptors that contribute to propriocep-
tion (Hertel 2002; Standring 2009).

All nerves of the foot can be affected by entrap-
ment, leading to a burning sensation in the distri-
bution of that nerve. Tarsal tunnel syndrome is
much less common than carpal tunnel syndrome.
The compression of the tibial nerve or either of its
branches (medial and lateral plantar nerves) can be
due to a space-occupying lesion (ganglion) or com-
pression by the overlying flexor retinaculum or a
leash of vessels or the deep fascia associated with
abductor hallucis. Compression of the first branch

of the lateral plantar nerve by the deep fascia of
abductor hallucis can lead to heel pain. The medial
plantar nerve can be compressed at the “knot of
Henry.” The knot of Henry is the anatomical land-
mark where the tendon of flexor hallucis longus
crosses deep to the tendon of flexor digitorum
longus to reach its medial side in the sole of the
foot. The superficial fibular nerve can be damaged
in severe inversion injuries of the ankle, and the
deep fibular nerve is sometimes compressed by
osteophytes in the region of the second
tarsometatarsal joint. Sural nerve entrapment is
usually secondary to distal fibular trauma and sub-
sequent scar formation around the nerve. Entrap-
ment of the common digital nerve as it passes
under the intermetatarsal ligament of the third sec-
ond webspace can result in a Morton’s neuroma,
which is probably the most common form of nerve
entrapment in the foot (Standring 2009).

Range of Motion

Much confusion surrounds the descriptive terms
for movement in the foot and ankle. Plantar flex-
ion and dorsiflexion refer to movements in the
sagittal plane. They occur principally, but not
exclusively, at the ankle, metatarsophalangeal,
and interphalangeal joints. Inversion is tilting of
the plantar surface of the foot toward the midline,
and eversion is tilting away from the midline in
the coronal plane. It takes place principally at the
talocalcaneal and transverse tarsal joints. Adduc-
tion is movement of the foot toward the midline,
while abduction is movement away from the mid-
line in the transverse plane. This movement
occurs at the transverse tarsal joints and, to a
limited degree, the first tarsometatarsal joint and
the metatarsophalangeal joints.

Supination is described as a three-dimensional
movement and is a combination of adduction,
inversion, and plantar flexion. Pronation is the
opposite motion. It can be regarded as a combina-
tion of abduction, eversion, and dorsiflexion.

Active movements occur at the ankle, talocalca-
neonavicular, and subtalar joints. Movements at
the ankle joint are almost entirely restricted to
dorsal and plantar flexion. But slight rotation may
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occur in plantar flexion. The inversion and ever-
sion mainly occur at the talocalcaneonavicular and
subtalar joint, and ranges of movement are greater
in these joints (Standring 2009).

Normal Ankle Kinematics During Gait

The contraction of tibialis posterior, gastrocne-
mius, and soleus is the chief factor responsible
for propulsion in walking, running, and jumping.
Arching of the foot and flexion of the toes enhance
the propulsive action of the calf muscles. In walk-
ing, the ankle joint is highly loaded up to five
times the body weight (Stauffer et al. 1977)
although it has a relatively small surface contact
area of about 350 mm?® (Thomas and Daniels
2003). Most of the load is distributed through
the superior articular surface of the talus, while
the remaining load is transmitted through the talar
facets. The medial facet accepts twice the load of
the lateral facet (Deland et al. 2000).

The gait cycle is comprised of two stages. In
walking, each foot is on the ground (stance phase)
for approximately 60 % of the stride and off the
ground (swing phase) for approximately 40 %.
The knee is straight at heel strike and remains
nearly straight for most of the stance phase. The
stance phase is further subdivided into five stages.
These in chronological order are heel strike (HS),
foot flat (FF), mid-stance (MS), heel rise (HR),
and toe off (TO) (Rodgers 1988). The swing phase
includes the movement of the foot, while the
lower limb is propelled forward, from toe off to
heel strike. Therefore, it is critical in maintaining
normal gait, as it is in this segment of the cycle
that the leg must be properly aligned in time for
heel strike and in which it must achieve proper
height so that the toes clear the floor during for-
ward motion. During the swing phase, the knee
flexes to a maximum of 60° at mid-swing (Rod-
gers 1988; Standring 2009).

The contact area is the largest with the talus in
neutral position and in dorsiflexion (Deland
et al. 2000). The propulsive forces are transmitted
further downward to the foot, and the medial tarsal
bones (navicular, cuneiform bones) play an
important role in this force transmission.
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Walking involves dual-support phases, but in
running each foot is on the ground for 40 % (jog-
ging) to 27 % (sprinting) of the stride, so there is
an aerial phase, when neither foot is on the ground
(Standring 2009). In the act of running, the heel
does not touch the ground, but the point of takeoff
is still the anterior pillar of the medial longitudinal
arch. As the heel leaves the ground, the toes grad-
ually extend.

Conclusion

The ankle joint is not a simple synovial hinge but
rather a complex type of joint that is a combina-
tion of small bones, tendons, ligaments, and mus-
cles. Understanding the functional anatomy of the
ankle joint is very important since conditions that
disturb the normal anatomy can make walking
difficult without pain or problems.
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